BACKGROUND/OBJECTIVE: The aim of the study was to compare the prevalence of undernutrition in children on presentation to hospital and on discharge. METHODS: On a screening week, 141 children aged from birth to 17 years who were hospitalised for ⩾ 72 h were reviewed on presentation and discharge or after 3 months (if still in hospital) by auditing hospital records. Weight for age standard deviation (s.d. o −2) was used to define undernutrition on admission and discharge. The number of children referred for dietetic advice was recorded. RESULTS: The prevalence of undernutrition on admission was 27% (14% moderate (s.d.: −2 to −3) and 13% severe (s.d.: ⩾ −3)) according to weight s.d. and increased to 32% by discharge (11% moderate; 21% severe). The most nutritionally vulnerable children, with a prevalence of undernutrition from 33 to 53% on admission, were aged less than 2 years, inpatients for >1 month and those with multiple medical problems. In all, 74% (n = 104) of cases were referred to Dietetics, including 73% (n = 79) of those without evidence of undernutrition. CONCLUSIONS: Undernutrition is a major problem in children during hospitalisation. The risk of nutritional depletion needs to be identified at the time of admission, especially for children under 2 years and those with multiple medical problems, in order to initiate appropriate nutritional intervention.
INTRODUCTION
Nutritional support is an essential aspect of the clinical management of children admitted to hospital. 1 In developed countries, childhood malnutrition is mostly secondary to chronic diseases and may be aggravated by frequent hospital stays and diagnostic examinations. 2 The reported prevalence of acute malnutrition in infants and children with mixed diagnoses on admission to hospital ranges from 6 to 41%. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Only a few studies have reported the prevalence of chronic malnutrition in hospitalised children, with prevalence varying from 8 to 47% depending on the definition. 4, [7] [8] [9] [10] [11] [12] Data on the prevalence of malnutrition during hospitalisation and at the time of discharge, especially in tertiary paediatric hospitals, are scant. 5, 6, 10, [12] [13] [14] [15] Although undernutrition is common in hospitalised children, it is often unrecognised by hospital staff. 7 Attention is focused on the primary medical problem, 1 and there is often little attention given to the child's nutritional status. To minimise the risk of undernutrition, the child's nutritional state needs to be identified at the time of admission, in order to investigate appropriate nutritional intervention at an early stage.
The literature has used the term 'malnutrition'. For the purpose of this study, we chose the term 'undernutrition', as we were not looking at specific aspects of nutritional deficiencies or excess but at the child who is not ingesting or absorbing sufficient energy and nutrients to maintain a good nutritional status as defined by weight for age.
The overall aims of the study were (1) to identify children presenting to hospital with poor nutritional status, while detecting the most 'at-risk' groups, and (2) to determine whether nutritional status improved or deteriorated during admission.
We tested two hypotheses: (1) that over 50% of children admitted to a tertiary paediatric centre have some evidence of undernutrition on presentation; and (2) that in more than 50% of cases nutritional state deteriorates during hospital stay.
MATERIALS AND METHODS
The study was performed prospectively in a tertiary paediatric centre in Great Ormond Street Hospital NHS Foundation Trust. The hospital admits children referred from secondary and tertiary care settings, that is, other inpatient paediatric units, and does not take children from an accident and emergency department, unless requiring intensive care. On a screening week, 12-17 April 2010, all children who were currently inpatients or consecutively admitted were included and reviewed at the time of discharge or 3 months after admission ( = study end) if hospitalisation was more than 3 months. The inclusion criterion was a hospital stay for ⩾ 72 h. Patients who were still in hospital 3 months later were weighed and height was measured in mid-July. Patients from all wards, that is, medical and surgical, as well as neonatal, cardiac and paediatric ICUs, were included.
As the study comprised a routine audit for undernutrition in the hospital, the Ethics Committee did not require us to obtain approval.
The following demographic and clinical variables were recorded: age, gender, weight, length (at admission or within the previous 3 months), primary diagnosis, number of other underlying medical problems and length of hospital stay. The number of medical problems or diagnoses was taken from the problem list given at the top of medical correspondence (clinic letters and/or discharge summaries). The list was composed of persistent symptoms and/or underlying diagnoses. We also documented nutrition-related factors referred to the Dietetic Department and the number of patients who underwent dietetic review.
Assessment of nutritional status and nutritional risk factors
On admission and discharge, weight and either supine length or standing height measurements were recorded when documented in the medical records. All measurement data were recorded in a standardised way, as part of the nursing staff's routine work according to the hospital's clinical practice guidelines. Standard equipment including clinical electronic scales for weighing and length board, mat or stadiometer was used for measuring length or height.
The definition of undernutrition was based on weight for age. This was dictated by our pilot study data showing that body weight is the only consistently collected nutritional/anthropometric variable in our inpatient population; body length or height measurements were frequently omitted in clinical practice. Weight for age was determined at admission and discharge and categorised according to two methods, weight for age and body mass index.
The primary measure of weight for age was standard deviation score (SDS), based on published data obtained from a British reference population (1990). [16] [17] [18] SDSs were used to categorise the subjects into: 'moderate' (SDS: −2 to −3) or 'severe' (SDS: ⩾ −3) for any anthropometric indicator. 19 To investigate whether Dietetics was directed to the most undernourished groups, we recorded the SDS of patients who were and were not referred to dietitians in four categories: (1) normal, (2) mild undernutrition, (3) moderate undernutrition and (4) severe undernutrition.
To assess the percentage of subjects with low weight for height (taken in other studies to reflect 'acute' malnutrition), we used reduced body mass index, classifying this as moderate (−2 to −3) or severe ( ⩾ −3) undernutrition, using cutoff values for body mass index SDS. For infants under 6 months, we used weight for height SDS, as body mass index is inaccurate. 17, 20 Children aged less than two years were reviewed separately.
Statistics
Statistical analyses were performed with SPSS Software (version 16.0 Mac; SPSS, Chicago, IL, USA). Continuous variables were presented as median, minimum and maximum values and categorical data as absolute frequencies and proportions. The χ 2 -test and the Fisher's exact test were used for comparisons of proportions. Exploratory analyses were used to examine our hypothesis in defined subgroups. Logistic regression analysis was used to identify predictors of the severity of undernutrition (dependent variables). Independent variables entered into the regression models were age on admission, duration of hospitalisation and number of medical problems. Effects were reported as odds ratios. P-values of o 0.05 were considered significant.
RESULTS

Demographic characteristics
A total of 141 children, 77 (55%) male and 64 (45%) female, were included. Median age on admission was 2.4 (range birth to 17) years. The two most common medical diagnoses were cancer, with 27 (19%) patients affected, and renal disease, in 13 (9%) cases. The most common surgical diagnoses were general abdominal surgery and neurosurgery in 22 (16%) cases. Sixteen children were in ICU, 5 (3.5%) neonatal (NICU), 8 (5.6%) cardiac (CICU) and 3 (2.1%) paediatric (PICU). Table 1 shows demographic and nutrition-related characteristics for the study cohort.
Twenty-seven (19%) children had 1-2 medical problems, 34 (24%) 3 problems, 44 (31%) 4-5 problems and 36 (25%) patients had >6 problems. Median hospitalisation time was 22 (range 3-209) days. Eighteen (13%) were hospitalised for 3-6 days, 69 (49%) from 7 days to 1 month and 54 (38%) for more than 1 month. No child died during the study period.
Evidence for undernutrition on admission to hospital and on discharge Documented measurements of body weight were available on admission in all subjects. The median weight SDS of all patients on admission was −0.6 (range −10.5 to −2.8). On the basis of weight SDS, 38 (27%) children were undernourished. There were 20 (14%) with moderate and 18 (13%) with severe undernutrition (Table 2) . Median weight SDS on discharge was −0.9 (range −9.4 to 2.7). On the basis of weight SDS 36 (32%) children were undernourished. There were 16 (11%) with moderate and 30 (21%) with severe undernutrition on discharge ( Figure 1 and Table 2 ).
Anthropometric characteristics during hospitalisation The majority of children, 97 (69%), had no change in weight SDS from admission to discharge (or 3 months). In 12 (8%) cases there was an improvement in weight SDS and in 32 (23%) deterioration in the weight SDS.
Body length/height data Height or length measurements were available in 93 (65%) children. Height was measured on admission in 58 (41%) children and in a further 35 had been measured within the previous 3 months in our hospital's outpatient clinic. All renal and cardiac patients had length/height measured.
Overall 16 (22%) subjects whose height was measured on admission had evidence of reduced weight for height. Reduced length or height SDS for age (stunting) was grouped according to severity, using the cutoff values above. Table 3.1 and  Table 3 .2 show that overall 17% of subjects showed some degree of stunting.
Analysis by risk factor groups The study population was analysed according to the prevalence of undernutrition (weight for age) according to specific subgroups as described below:
Risk group: children under 2 years of age The prevalence of moderate to severe undernutrition on admission in children less than 2 years old was 41% and increased to 52% on discharge (see Table 4 ).
Risk group: multiple medical problems Prevalence of undernutrition in children with 1-2 medical problems was 11% on admission and 22% on discharge. Table 4 shows an increasing prevalence of undernutrition both on admission and when discharged, associated with a greater number of medical problems. In children with six or more medical conditions, 53% were undernourished on admission and 50% on discharge.
Risk group: length of hospitalisation The prevalence of undernutrition on admission and discharge in children hospitalised from 3 to 6 days was 11%. Table 4 shows a progressive increase in percentage of undernourished patients Undernutrition during hospitalisationwith increasing hospital stay, with those admitted for longer than a month at highest risk. In children admitted for more than 1 month, the prevalence of undernutrition was 33% on admission, and 39% by the time of discharge with moderately or severely undernourished. Over 50% of children who remained in hospital for more than 1 month showed no improvement in nutritional state while in hospital.
Predictors of undernutrition Logistic regression analysis was performed to assess simultaneously the effect of several potential predictors of undernutrition. Age on admission, duration of hospitalisation and number of medical problems were used as independent variables and severity of undernutrition as dependent variables. This model predicted 16.4% of the variation in undernutrition severity. With severity of undernutrition as the dependent variable, the model showed age at admission (odds ratio: −0.3; P = 0.001) and number of medical problems (odds ratio: 0.3; P o0.001) as significant predictors. Younger age and more medical problems were more likely to predict severe undernutrition. Duration of hospital admission was not a significant predictor of undernutrition and was not associated significantly with undernutrition.
Referral to a dietitian A total of 79 (56%) children were referred for a specialist Dietetics opinion (Table 5 ). Fifty-six of 103 (55%) of all children with normal weight/weight above −1 s.d. were referred, 10 of 20 (50%) moderately undernourished children and 13 of 18 (72%) severely undernourished were seen by a dietitian. The proportion of children referred to a dietitian did not significantly differ according to nutritional status (P = 0.2 or greater when normal, moderate and severe nutritional status was compared); nor did the normal group differ in referral rate when compared with the two most undernourished groups combined; 60% referred (23/38, P>0.1).
DISCUSSION
Our study demonstrated a significant burden of undernutrition in hospitalised children and that inpatient stay did not appear to ameliorate poor nutritional status. Despite this finding, it is of course possible that undernutrition was managed in the best possible manner in each child's circumstances, but it was not possible to improve nutritional intake during certain acute/severe illnesses. This study was performed with a wide variety of hospitalised children that would be representative of the type of patients currently seen in paediatric tertiary care. As opposed to previous studies, all children from all wards (medical, surgical wards and ICUs) were included and represented a non-selected population, with a wide range of age groups and medical problems including low-and high-risk subjects. One of the differences when comparing these children with those described in previous studies is that the threshold of disease severity for keeping children in hospital is higher than in the past. For example, even if a child still needs inpatient care, but no longer requires highly specialised input, he/she will be discharged to the hospital local to their home with a plan of treatment or sent home with regular review by telephone (and input from local services) rather than remaining in a tertiary care bed throughout an illness episode. It is well recognised that it is expensive and psychosocially demanding to have a family member in hospital and even more of a burden when the patient is at a long distance from the family home. http:// www.nhs.uk/CarersDirect/guide/practicalsupport/Pages/Overview. aspx. [20] [21] [22] These problems are even more acute when the patient is a child who is highly likely to need a parent at their side throughout the hospital admission. As a result children are discharged to their local hospital or home at the earliest possible opportunity and as a consequence reducing the time for nutritional rehabilitation in the tertiary hospital. Despite discharge at the earliest opportunity prevalence of undernutrition was within the range of 6-41% of acute malnutrition, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] reported in a limited number of previous studies, most of which have been conducted in tertiary care centres. 2, 5, 7, 8, 10, 15 It is likely that our recorded prevalence of undernutrition using weight for age was higher than it would have been if we had used weight for height to define undernutrition (see later discussion of study limitations). Others who have studied chronic malnutrition (reduced height for age) have reported prevalence figures from 8 to 47%. 4, [7] [8] [9] [10] [11] [12] The more limited data we obtained on chronic undernutrition demonstrated a 17% prevalence on admission.
In our study we reported weight during hospitalisation. A reason for nutritional state deteriorating during admission could be the severity and complexity of underlying disease seen in a tertiary centre. It is our impression that those children with more complex disease are at greatest risk of associated gastrointestinal abnormalities. It is also highly likely that with more complex disorders children require more investigations and interventions, and as a result undergo more frequent episodes of fasting. Sometimes these procedures are cancelled at late notice (often because the child is not sufficiently well to undergo the procedure), so increasing the number of fasting episodes the child undergoes. In addition, poor vascular access may limit the efficient delivery of parenteral nutrition. A further factor limiting nutrition rehabilitation is that in the more acutely undernourished child, in order to avoid re-feeding syndrome, appropriate nutrition has to be gradually reintroduced and it can be many days before a child can safely be given their full requirements. 23 The first hypothesis was that over 50% of patients admitted would be undernourished. The overall figure at 27% was lower than expected, but it was over 50% in children with more than 6 medical problems (53%).
In relation to our second hypothesis that over 50% would be undernourished at discharge, we found that 32% of all cases were undernourished when leaving hospital. In 52% of children under 2 years of age and in 50% of children with >6 medical problems, evidence for undernutrition was still present at discharge from hospital. Thus, our prevalence figures for undernutrition at discharge were close to those hypothesised in important subgroups. Although nutritional interventions were commenced, no direct effect on weight gain was discerned.
Using weight for age might be seen as a limitation of our study, as there is likely to be some overestimation of undernutrition by not relating weight to height. However, in our cohort only 41% had height or length measured during admission, and a similar finding was reported in a tertiary centre in Germany. 2 One year after our audit the Children's Nutrition Survey 2011 showed that just 2 out of 31 UK centres routinely measure height on admission. 24 Subsequent to this audit, and taking the audit results into account, nutrition screening was introduced to our hospital. We have implemented a flowchart that includes additional risk factors to weight and height measurements. An audit of this nutrition screening flowchart in October 2011 has demonstrated that measuring length/height has become more routine practice with height measurement documented in 74% of inpatients. One of the reasons for not obtaining length/height in our hospitalised children was the severity of illness, for example, a large number of children were admitted to ICU, were often on a ventilator and it was not considered appropriate to disturb the child to measure them at the time of admission. Furthermore, while clinical evaluation of nutritional status requires accurate anthropometry, we found that in practice length measurement, if performed at all, was often undertaken by staff who were insufficiently trained. Thus, screening tools currently in use, although clearly valuable in research studies, may not be suitable for routine practice. Measuring weight requires little specialised training, allows retrospective assessment to be performed simply, and provides a 'tool' that readily allows the burden of undernutrition to be compared across centres nationally and internationally. It will be a matter of debate whether our approach, because of its generalisability, outweighs any disadvantage due to its lack of refinement.
Malnutrition is associated with increased morbidity and mortality, including a higher risk of infections, reduced gut function, longer dependency on mechanical ventilation and longer hospital stay. 3 Yet, despite its importance, there is scant literature on the dietary needs to prevent malnutrition during hospitalisation. A contributing factor for malnutrition during hospitalisation has been shown to be a low energy intake of less than 75% of daily requirements; dietary care is of fundamental importance in the context of clinical treatment, irrespective of the disease. 6 We did not record dietary intake, as this would not be feasible in a routine audit, and our assessment of nutritional status was an indirect one based on body weight for age; however, 74% of all patients were referred to the dietetic team during hospitalisation, including 73% of those with evidence of undernutrition. Dietetic input was highly likely to have helped to maintain patients' weight during admission even if weight SDS could not be increased while in hospital.
Our study helps to emphasise the large burden of undernutrition in hospital care. Patients leave hospital with similar rates of undernutrition as found on admission. It is hoped that these data will help to underpin nutrition service development. Doctors and nurses need to develop both awareness of undernutrition and refer on to specialist services, that is, Dietetics, to gain appropriate intervention for children identified at risk of undernutrition. This is where nutrition screening comes in, even if it is only routine weight measurement and plotting on a growth chart for every child. To avoid undernutrition, and especially hospital-acquired undernutrition, the risk of nutritional depletion needs to be identified at the time of admission so that appropriate nutritional intervention can be initiated at an early stage. 12 From a practical perspective, nutritional status could be improved with regular monitoring with at least twice weekly weighing, and referral for specialist dietetic intervention as soon as a potential problem is detected. In addition, limiting pre-surgical procedure starvation time could benefit children who undergo several or frequent procedures. Nutritional support needed may range from adjusting the diet to include energy-dense foods and supplementary drinks/ feeds to using commercial enteral feeds given in the most appropriate manner (gastric or jejunal; bolus or continuous); in some cases parenteral feeding may be necessary, according to the judgement of the nutrition team.
A multi-disciplinary nutrition team including a dietitian is an essential part of any nutritional support service for patients with complex nutritional needs. 25, 26 Once undernutrition has been identified in a child, it is imperative that the specialist nutrition service relays any special nutritional needs that persist following discharge to the community for continuing nutrition care. Specialist nutrition services may not just be needed in the acute setting, but in the community as well. This study demonstrates the need for long-term support for children living with chronic disease both prior to admission to hospital and when at home. Children recognised to be at nutritional risk are currently referred to local dietetic services by our hospital dietitians. 26, 27 Our study also relates to a much wider issue in paediatrics. Nutrition is a critical branch of paediatrics. Given the extraordinary scientific effort and interest in this field over the past two centuries, it is paradoxical that nutrition has never emerged as an independent paediatric speciality, when other areas of much more recent focus have done so. We suggest that clinical care in nutrition could be improved if academic departments of paediatric nutrition were developed and formally trained specialists in this field who could take a hospital-wide responsibility for integrating nutrition services and ensure a consistent and high standard of care across all clinical specialities. We hope that our findings will help to focus attention on this key issue in paediatrics.
